Process of X-ray diffraction on the crystals modulated by surface acoustic waves was investigated under the total external conditions and in the Bragg diffraction conditions. It is shown that X-ray diffraction is determined by wavelength and amplitude of the surface acoustic waves. The systems of space-time control of X-ray radiation by ultrasonic superlattices are demonstrated.
Introduction
X-Ray diffraction has been used to study the characteristics of surface acoustic waves (SAW) propagation in the crystals [1] [2] [3] [4] [5] [6] [7] . At the same time, SAW have directly provided an interesting tool for the modulation and control of special and temporal structure of an X-ray beam. SAW have been used in X-ray optics for generating dynamical gratings at the surface of the crystals [5] [6] [7] . In this article, the process of X-ray diffraction by SAW was investigated under the total external reflection condition and at the Bragg diffraction on the crystal lattice modulated by SAW.
The X-ray/SAW interaction
Coherent X-ray scattering on the lateral acoustic superlattice leads to the formation of diffraction satellites on the both sides of the reflected beam. These satellites appear in specific directions along which constructive interferences induced by the modulated crystal occur. The angular directions can be deduced from the grating equation:
where λ the X-ray wavelength, Λ the acoustic wavelength, Θ 0 the incident angle of X-ray radiation, m the diffraction order number and Θ m the angle of the emergence of the m-th order satellite with respect to the crystal surface.
X-ray diffraction by surface acoustic waves in the total external reflection conditions
Under the total external reflection conditions X-ray diffraction by SAW is characterized by the small incident angle of X-ray radiation. The value of the critical angle of the LiNbO 3 is 0.32 o at X-ray wavelength λ=0.154 nm. At grazing incidence the coefficient of X-ray reflection from the crystal surface is 95% of the intensity of the incident X-ray radiation. Fig. 1 shows the dependencies of the diffracted X-ray intensity. It is possible to observe the diffraction satellite around the intense zero diffraction satellite. The differences in the intensities and angular positions of the diffraction satellites are determined by the small incident angle of X-ray radiation. Diffraction of X-ray radiation by SAW in the total external reflection conditions is characterized by the large angular divergence between diffraction satellites which is very useful for realisation of different X-ray optical scheme for space scanning of the diffracted X-ray radiation by the change of the SAW wavelength (X-ray scanning microscopy) [8] .
The Kirkpatrick-Baez experimental scheme was used for two-dimensional scanning of the diffracted X-ray radiation ( fig. 2 ). In this case the incident X-ray radiation diffracts on the first ultrasonic superlattice, and after the diffraction satellites diffract on the second ultrasonic superlattice. The resulting diffraction satellites have index (m, m). The change of the SAW excitation frequency on the first and second crystals leads to the two-dimensional scanning of the diffracted X-ray satellites. Fig. 3 shows the experimental X-ray topograph of two-dimensional X-ray scanning obtained at the distance of 70 cm from the second crystal. The (+1, +1) rectangle defines the scanned area by corresponding beam in the case of available frequency bandpasses of 107-137 MHz on the two SAW devices The size of this area is 400*500 µm 2 . The efficiency of the system (in terms of intensity) is of the order of 2%. The large spot size are due to the divergence of the beam (defined by the source side and the pinhole). Thus, the ultrasonic superlattices can be used for X-ray space scanning. 
X-ray Bragg diffraction in the crystal excited by the surface acoustic waves
At the Bragg diffraction conditions X-ray radiation diffracts on the crystal lattices. Modulation of the crystal lattice by surface acoustic waves leads to the formation of diffraction satellites on both sides of the Bragg diffraction peak. Fig. 4 shows the rocking curves of the YZ-cut of a LiNbO 3 crystal recorded with and without SAW excitation. It is seen, that excitation of SAW with wavelength of Λ=4 µm and amplitude of h=1.5 nm leads to the formation of 6 diffraction satellites on the both sides of the zero Bragg peak.
Bragg diffraction of X-ray radiation on the crystal is very interesting for fast time modulation of the diffracted X-ray radiation [9] . Time modulation of X-ray radiation can be realized by SAW pulse modulation. In this case X-ray radiation diffracts into diffraction satellites only during the time of the interaction between the incident X-ray radiation and SAW pulse propagation across illuminated region. 5. Conclusion X-ray diffraction method is useful for investigation of SAW propagation in solids. Interaction of X-ray radiation with ultrasonic superlattices can be used for design the different X-ray optical systems for space-time modulation of the diffracted X-ray radiation.
